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5 K4> > R l - R 2 , R 3 > R 4 > R 5 . R 6 ^R 7 «tufHOlci*^T] 

n«-ft:^«ix^©ift^«jg*r5X3@tt, as. — aass; [iv] T?**n*<b 
^xtt^ii^JH^bx, [iii] "rssnsfls^ftsfi^t 
;w&v>U3. o^;K $f£b<«*n. o~i. s^WBUT, 





r 5 6 \or 3 

OR 4 
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mzmvx. mo. l^jvfsi^v 1 0 o^;k $?£b< ky$o. 1^-2^ 

>, fcTUv'X 2, 6-;KF^>, 2, 6-ter t-^WJS^X 2, 
4, 6-3iJ^X 1, 8-^7lft?^P[5. 4. 0]/^-5-X> (D 
BU), 1, 5-> J T1ftf->^P[4. 3. 0]«^>t ? ^7- 7 -X> (DBN), 
iMV/Ptf^Xa^ N, N-y/W^'JX 1, 4-^Tlffc^>^n[2. 

2. 2 (dabco), n-*^;i^;i^u >#^f£>n> £fi;b< 

V^P t!;VT5 >m<D\&m.T)V3r)VT 5 >T & D , IfcSf^ L < h U X^;V 
HC (O- i -Pr) 3 , HC (O-E t) 3 , HC (0-CH 3 ) 

a*** (ch 3 ) 2 c (och 3 ) 2 t&d, »£b<&«M^*^AXteflitm 
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Jfc^fcU HftX©T#e>nfe-"^ [II]: 



[5£*> R\ R 2 , R 3 > R 4 > R 5 ^ R 6 M^ 7 teMB<D^*£^-r] 



©^ffl*^, m.m<D\k-£m [in osntMtT, its, ^ii/ioo~ 




\OR 3 
OR 4 




HO \OH 
OH 
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lfg», j?*b<tt#5ll/10 0-l/10ffiftT*5. 

^V7D/V-JP/Th7hHD77> (5 0/5 0) CDjB-&**fcW 

s^fi^tt, n-3ot~6ot:, $f^b<«^jo < c~5 ot*o, 

®S> B*l$~7 HK@S, ^£L< WM»f~2 4^MSfg^&S. 

#enfcsjisat*i*ab, ^©iiopH^i. 5~^6. 5, $?*b< 

Kftftl. 5~^J6. 5, J5fcff*L/<tt3j92. 5 fcil»r£o 

ffc^Kl [I] 0mL/g~U2 OmL/g, »*U<«*91 2m 

L/g~l5l8mL/g, $e.l:^l<rai5mL/gt^i5t, # 
5nfc«(C #51 0%~$J3 0%^7KTJV3-;K |?Sl<^15%^ 

2 5%^7Kr;i/n-;K $&fc»*b<tt*92 o %^7KT;V3-;v^jjn^.T^ 
nzwtmm&.fos oic~#&i o o *c> »^ u < 7 o*CT?fiy#f s. (*§ 

;w*j#wr5n, 2P£b<«> x^/-;k 7n/v-JK -rvy 

pav-;k 7?/—)Vs sec-7"^;-jK -<yy^y-;K ^>^y- 
te-r y ^ > ^ y - £ *u n © * v < tt-f v 7*0 /1 / —;i/*c % ^ . 
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^Ptf;i/x^T^>, hu^^y tfUv 5 ^ 2, e-^s^x 2, 

4, 6-=MJS>>, 1, 8-v*71fl£^P [5. 4. 0] 5 -X> (D 

BU), 1, [4. 3. 0] V>^X-7 -X> (DBN), 

$M 7^DW5>, N, N-^^7X'JX 1, 4-^T-tftf^^D 
[2. 2. 2] 3"^> (DABCO) X^N-^^U^^U £> 

y ^ >, y y p tf s ^(Dis.mr^^r 5>tso, 3g£$?£b< 

_hfB (1) fc*W-S3B5cS^fc:IS&ns^# , b©T?ft:^^ -hnX^675 
/3£^©3t7cKJft* MtKfcT^^x^X^T^xjl/SS^niC^f ST 

5 J *^©M7c. t^i:7;i/'r-;nx»7;^x;n&fn(:^t§7;i/ 
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cms© r-hns> T;wdr-;vsx«T;i/^n;i/S^©sj a>5S7n£^S£ 
urn, 7)v*r~)vmxfeT)i*~)vm&ft<Dm (Dm^z^-r^nt^B 

M^fcr;i/^^;^x«T;^x;i'S^^n^^T^T;!/+;!/»^M^fc 

&W7tKjfc\zm^% z\ t\z£-DT . T$>&^&fc^±tdMm&m7ufc}fo\zm 
□1, T;i/^m;usx«T;^3i;i/»^g7cT#, ^©w*>j;Dft±b#£o 
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(2) 

H 2 - Rh/C 



BnO' — ~N0 2 F6(0AC) 2 enO' „ 

[Bn : *>z?)Vm (£TFPC) , Rh/C : D^A-*-^>^* (KTW 
D) , Ac : T-fe^;l/« 1 

mL=OP77X3lC, 3-^>^;V^>'-6- 

~hn^>i£> (1) (5. OOg, 15. 4mmol) , 5%nS?#A-# 
-^>^ (9 5 2mg, 0. 46 2mmo 1) , (n) (5 3 6mg, 

3. 0 8mmol) R«f h7kHD77> (5 0mL) £JO;t> 7K#£H^t. 
Ttbfeo J E-©SH»«c*2 2 C C~2 2 4iFWtr:t, g*&STF 

£U -^ffi^b^c O^T> *©»j»ttKl2 8%T> ; en77K (lOmL) 
M5%tM (2 0mL) &UP^.lRfM*^Ufc«, EH*£«3UU h;PX 
y (lOOmL) T?g|££&#bfco Mt^^fci^ 10%2X.>WL* 
(5 0g) . 5%m#7K (5 0g) > 2 0X^1* (50g) Tli&i$fc#Ufc 
MET, aMSfftHbfc. 3SS*h;WX> (lUlOOmL) 

->u*y;w (5g) *iS[Vi}fcat3i«^<koat3au, *os/u*^*h^x> 

ICTife^Ufeo »6n»:^ife»« (15 2. 1 5 g) SEKSiSfl^OTh^ 
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7>f-(:it)Mt^t, iW©-f >F-;w&&* (2) at, iRM3. 1 5 g 
(W9 1 %) T#e>n^o 

1 H— NMR (5 0 0MHz, DMS O- d 6 , 6 p pm) : 10.90 (b 
r. s, 1H), 7. 49 (d, J= 7. 5 Hz, 1H), 7. 

5 44 (d, J= 8. 6 Hz, 1H), 7. 40 (dd, J= 7. 
5,. 7. 5 Hz, 1H), 7. 33 (dd, J= 7. 5, 7. 
5 Hz, 1H), 7. 21 (br. dd, J= 2. 4, 2. 4 H 
z, 1H), 7. 01 (br. m, 1H), 6. 77 (dd, J 
= 1. 8, 8. 6 Hz, 1H), 6. 36 (br. m, 1H), 

10 5.12 ( s , 2 H) 

13 C-NMR (12 6MHz, DMSO-d 6 , fippm): 154. 7, 

1 3 8. 0, 1 3 6. 8, 1 2 8. 7, 1 2 8. 0, 1 2 7. 9, 1 

2 4. 4, 1 2 2. 5, 1 2 0. 9, 1 1 0. 1, 1 0 1. 3, 9 
6.3, 6 9.9 

15 

mmm2-mmmi 8 
uw^-x-tfym* (£tf, Rh/ctm mmmtvxmmm an 
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sum 


x> u / n 

Kn/i 


mm (mam 


(h r.) 


/r, yv rfX* / n \ 

fljafg (2) 


2 


5mo l % 


N i B r 2 (1 Omo 1 %) 


3 5 


7 9% 


4 


5mo l % 


N i (OAc) 2 (2 Omo 1 %) 


2 0 


8 7% 


5 


3mo l % 


N l (N0 3 ) 2 (2 Omo 1 %) 


2 4 


9 0% 


6 


3mo 1 % 


N i (a c a c) 2 (2 Omo 1 %) 


2 7 


8 6% 


8 


5mo 1 % 


FeC 1 3 (I) (1 Omo 1 %) 


1 1 


8 5% 


9 


5mo 1 % 


FeC 1 3 (I) /S i 0 2 (1 Omo 1 %) 


1 8 


8 7% 


1 0 


5mo 1 % 


FeB r 3 (I) (2 Omo 1 %) 


1 6 


7 8% 


1 3 


5mo 1 % 


Fe (I) (acac) 3 (20mo 1%) 


1 6 


7 7% 


1 4 


3mo 1 % 


FeC 1 2 (II) (2 Omo 1 %) 


2 1 


9 2% 


1 5 


5mo 1 % 


T7 A | TT l f 11 YT» o r* o f* es. 

re \ u/ iumaraie 
(2 Omo 1 %) 


1 6 


94% 


1 6 


5mo 1 % 


Fe (II) (acac) 2 (2 Omo IX) 


1 6 


8 6% 


1 7 


5mo 1 % 


Fe (II) S0 4 (2 Omo 1 %) 


1 6 


9 6% 


1 8 


3mo 1% 


Co (ac ac) 3 (I) (2 Omo 1 %) 


1 2 


94% | 


mm 


3mo 1 % 




42 


6 2% 
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[E t fctX3\7V££jft!*U Mefe*?-jm&Mm-%> (OTITIC) . ] 

^0#^e>nfe5 0mLH^P77XaC6-^>^J^H>H-^ (2) 
(2. OOg, 8. 96mmol) , xh^fcFnt7^> (2. 7 OmL) Tk 

rXh;i/x> (15. 2mL) sin*., 3 3tdniifc, o^t, 2. 00 

MXW^^A^D'JF ^IfJVX- ^;VJSSF»t (4. 4 8mL, 8. 
9 6mmol)*7^mMm 5 5^60^1^81^. N 
-^^;U- 1, 2 -^OD7W 5 M7 3 Omg, 4. 0 6 mmo 1 ) £ 
h;WX> (4. 4mL) \Z&m\s* ^(Om^l O^W-TDPit, 
h;l/X> (lmL) TSfc^U ^CD^feiPx.^, 5 5^-6 0^2 0^ 

raJJWfcb&o $e»ts^?B'&«c*i o o^-i o sttdoii/ti 2^nft^ 

f&U&WtZ. h;i/X> (15. 2mL) 1 3%M^T> ; ex^A7jc^ (1 
7mL) £Jn;L, S»**T??M3lbfc. -€-©»»St&atiBU #&nfc*6Hfr 
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§MPX> (2 0mL) , h;i/X>-7K : 1 : 1, 2 OraL) Rtf* 

(2 0mLX2) TJlI#8fc#b7fc£t MBET^MlCT-^^f £ £ 
@«l©a<>F-JV (3) &JR*1. 8 9g 0»8 4%) T# 

fee 

'H-NMR (5 0 0MHz, DMSO-d 6, <5ppm): 11.50 (s, 
2H), 7. 63 (d, J= 2. 3 Hz, 2H), 7. 42 (d, 
J= 7. 3 Hz, 2H), 7. 37 (dd, J = 7. 3, 7. 
3 Hz, 2H), 7. 30 (dd, J = 7. 3, 7. 3 Hz, 
2H), 6. 97 (d, J= 2. 1 Hz, 2H), 6. 72 (d, 
J= 8. 8 Hz, 2H), 6. 41 (d d, J= 2. 1, 8. 
8 Hz, 2H), 5. 04 (s, 4H), 3. 03 (s, 3 H) 
13 C-NMR (126MHz, DMSO-d6, fippm): 172. 2, 

1 5 5. 0, 1 3 7. 7, 1 3 7. 1, 1 2 8. 7, 1 2 8. 5, 1 

2 8. 1, 1 2 8. 0, 1 2 7. 1, 1 2 2. 0, 1 2 0. 1, 1 
1 0. 4, 1 0 6. 1, 9 6. 3, 6 9. 7, 2 4. 3. 

m. P.: c a . 240 r (ftffifid 

mmm 2 0 
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(2) (3) 




(*) xV'tn-ttM •Vif^lsyk, i? (s-^;U) Y^i/^AW (n- 
(s -7^)1) v^2/C7AO»-&»T?»S. 



3t0tft*&ftfc5 0 mLHOP77X3fc 6 - ^>^t+H > b-JV (2) 
(2. 00g, 8. 96mmol) > fh7kFn77> (2. 6 4mL) R. 
5 Z$h)VJL> (15. 2mL) SJD*., 3 8t:iC»bfeo ^V>T> 0. 9 0 
MPttfr^tf^VJ* s\79>mWL <5> (n-^;i/) V9*^y&, -J 

(s-y^;i/) ^v^vkblU (n-^;w (s-^;w ^9^>^a 

<D&&b&iSt3^'79>ilfit0 (4. 9 6mL, 4. 4 7mmol) §10^ 
jWTfln*./^ 5 5 t C~6 0 , CTl^»Ufc. N-*^;i/-l, 2-5> 
10 ^nD7K5 F (7 3 Omg, 4. 0 6mmo 1) £h;i/X> (4. 4mL) 
fc»#U *©jSHft«l O^ttTiD^ ^-C0#^^b;l/X> (lmL) T?«5 
i£U ^(Dffi^'bin^fc^ 5 5t~6 0t)Tl#tfc. H#j&**Tttibfc©T?, 
fh7tFD77> (1. 5mL) &1D*.*9— 55^60^ 
T3 oajH!«#bfc. S6JCSJS«i^*9 8t-10 0*CfcJq^bTl 2Bf 

is $mwvft&. stas-ciw&u -^m^b^o o^x, 9ot«ufc 
s*aa-&*fci 3%m'fbT> ; ex'j7A7X« (nmu &jn*., 
T^bfeo ^cDjHjB^saijflb, »&n&#6ra#&Mvx> (2 0mD , 

h;i/X>-zR (iS^Jt: 1 : 1, 2 0mL) Tk&*9 (2 0mLX2) 
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)V (3) £iR*l. 8 5g (W8 2%) *Tf#fc. 
iH-NMR (5 0 0MHz, DMSO-d 6, 5 p pm): 11.50 (s, 
2H), 7. 63 (d, J= 2. 3 Hz, 2H), 7. 42 (d, 
J = 7. 3 Hz, 2H), 7. 37 (dd, J= 7. 3, 7. 3 
Hz, 2H), 7. 30 (dd, J= 7. 3, 7. 3 Hz, 2 
H), 6. 97 (d, J = 2. 1 Hz, 2H), 6. 72 (d, 
J= 8. 8 Hz, 2H), 6. 41 (dd, J= 2. 1, 8. 
8 Hz, 2H), 5. 04 (s, 4H), 3. 03 (s, 3 H) 
13 C-NMR (126MHz, DMSO-d6, 5 P Pm) : 172. 2, 

1 5 5. 0, 1 3 7. 7, 1 3 7. 1, 1 2 8. 7, 1 2 8. 5, 1 

2 8. 1, 1 2 8. 0, 1 2 7. 1, 1 2 2. 0, 1 2 0. 1, 1 
1 0.4, 1 0 6.1, 9 6.3, 6 9.7, 2 4.3 

M: &)2 4 0 < C (ftffi&). 



ttmi 2 




Mtttt^tlfc 5 0mLH-3a77X3C6-^>^t^>-f>H-JV (2) 
(2. OOg, 8. 96mmol) , fh7tFn77> (2. 6 4mL) & 
tfMl/X> (15. 2mL) 3 8"CfclJn3ftbfc. O^V>T, 2. 8 2 
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MlW^fA^O^H 5*X^;WX— T-JWftlfc <3. 1 2mL, 8. 
8 2mmol) ft7^WTJn^.fc«, 5 5<C~ 6 CC^l WHW»#bfc. N 
_^;j,_l f 2-^DOTW5P (7 3 0mg, 4. 06mmol) & 
h;i/X> (4. 4mL) fc»#U *©*tt&7^WTlP^., h 
5 ;VX> (lmL) Ti5fc3tU ^©^feilP^^ 5 5^6 0^3 0^1 

si#bfc. zt>\zKmm&m*i o ot~i o 7 < c^p^bTi 2mmmwiy 
J6a**dfc»b, -wife, o-3v>t, so'c^sn^bfe^ rjs 

M^iCh;VX> (1 5. 2mL) Rtf 1 3 %M<t7 >^X^A7Ki§?& (1 7 
mL) £2J0;L* Sfi*^l/fc. *©MStt*ai»U #e»tXfc#^@#:S 
io WVX>(2 0mL), h;VX>:7K (1 : 1. 2 0mL) W^/-JK2 

omLx2) -ejig^#bfem> ^ffiTsaicT— mti%r?z>z-£fc&r) % @ 

#)cDfc?X-f >F-;V (3) 7 3g OK* 7 0%) T#fc„ 

! H-NMR (5 0 0MHz, D M S O- d 6 , 6 p p m) : 11.50 (s, 
2H), 7. 63 (d, J= 2. 3 Hz, 2H), 7. 42 (d, 
15 J= 7. 3 Hz, 2H), 7. 37 (dd, J= 7. 3, 7. 
3 Hz, 2H), 7. 30 (dd, J= 7. 3, 7. 3 Hz, 
2H), 6. 97 (d, . J= 2. 1 Hz, 2H), 6. 72 (d, 
J= 8. 8 Hz, 2H), 6. 41 (dd, J= 2. 1, 8. 
8 Hz, 2H), 5. 04 (s, 4H), 3. 03 (s, 3 H) 
20 13 C -NMR (12 6MHz, DMSO-d6, fippm): 17 2. 2, 

1 5 5. 0, 1 3 7. 7, 1 3 7. 1, 1 2 8. 7, 1 2 8. 5, 1 

2 8. 1, 1 2 8. 0, 1 2 7. 1. 1 2 2. 0, 1 2 0. 1, 1 
1 0.4, 1 0 6.1, 9 6.3, 6 9. 7, 2 4.3 

g!Uj£: m2 4 Ot 

25 

2 1 
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(3) (4) 




H H H H 



tD#lte.tl&3 0 0mLH^O77Xn^tfM>H^l'# (3) (3. 00 
g, 5. 4 2mmol)^HVX>(7 5. 3mL) 1 1 Ostein 

Wklstco OO'^T, 2, 3-^nn-5, 6-^~>T/-l, 4-^>V^ 
y y (DDQ) ( 1 . 3 7g, 6. 0 3mmol) ©WPX>II (4 8. 0m 
L) SI 5#^ttTl 1 0*C~1 0 7^TiPAfem, h;UX> (1 2mL) T 

^-©^§£^u ^-(D^feira^feo l o 8<c~i l o'CTiBtF^ii^bfc 

fc(DX\ 7 lX:^.X^miy, (1 3 4mL) S3^r^HtT^ 6 0*0 

bl itiiau (i5mLX2) x-mfrvtco %hntdm&mfc (2 

8 7 6mg) £N, N-y^f;Wi^7aH (5 4mL) «$§U 9 5t 

-los-cuMiTiwjfim sfl*«i, -^m^bfco ^ 

51bT> tPS-fr (1 5mLX2) T^bfciL (3 0 

18mg) Si^^O'X^v'K (2 8. 3mL) fcMi^bfco 6 0'C~7 0 < C 
^MUT±f3«@#:^^-&fem, *9S-)V (13. 3mL), r?^T 

t>\Z*?y~)V (4 2. 4mL) £ 2 mmfrrtXl}U7Lfc.'&. ^^T^b, 
-^jf^bfc HIT, ^^/-Jl/ (15mLX2) Tife?^ MffiT, 6 
0tT-*S£ftt5t, iWCD-f>l«-W;WV/- (4) 
H (2 5 8 9mg, W8 7%) T#S>nfeo 
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l H-NMR(5 0 0MHz, DMSO-d 6 , Sppm): 11.26 (s, 
2H), 8.69 (d, J= 8.7 Hz, 2H), 7.54 (d, J 
= 7.3 Hz, 2H), 7.43 (dd, J= 7.3, 7.3 H 
z, 2H), 7.37 (dd, J= 7.3, 7.3 Hz, 2H), 

5 7.2 7 (d, J= 2.1 Hz, 2H), 6.72 (d, J= 8. 
8 Hz, 2H), 6.96 (dd, J= 2.1, 8.7 Hz, 2 
H), 5.22 (s, 4H), 2.96 (s, 3H). 
m&: ^3 2 4"C • 
HPLC S33t&#: 

10 #fit#^A YMC AM- 3 0 3 2 5 0X4. 6mm, 4 0t, 
UV=2 2 0nM, &AS 10/xL, 

&mm: MeCN-O. l%U>m=(t = 0 6 5:3 5, t=2 0 9 0: 
3 0), ffiM lmL/# 



is mmm2 2 



(3) (4) 




mm^mT, SOOmLGSOP^XHlcWl/X^ (7 5. 3mL) Rtftf 
X<>h*-;V#: (3. OOg, 5. 4 2mmol) (3) ^ilBX, ^(DBM^ 
7 0t:dBiUfc. ^Vt, 2, 3-^nD-5, 6-^>7;-l, 4 
20 -^>>/^y> (DDQ) (1. 2 9g, 5. 6 9mmol) ON, N-W 
;V*;VA7 3= b*Mc (2 4. OmL) £ 1 B#F»ttTi0^fc^> N, N— 5?* 
f^JVA75F (6. OmL) T^©^f§£#6#l^ ^©ife^ao^-fco 7 
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C:«J:t)^«f'rSi:Jg»**?B5fel/T^OT, ^/-JV (1 3 4mL) £2f$ 
-ftft^bfc. WIU *?;-)V (1 5mLX2) T^#bfcm, #*>nfc 
fjfSte (4) OfittAtfttfitirli (3. 0 8g) T?#&nfc. 



SHW>J2 3 

(3) (4) 




WWHTF, 8 0LSMiCbiVX> (2 8. 6kg) RtflfX>f>F- 
(3) (1. 50kg, 2. 7 1mol) Sftl^, RJfc§&©l*9M& HVX 
y (3. 9kg) J E-(D?5fe^ s bJn^> 1 1 OtdPlt 

(DDQ) (0. 65kg, 2. 86mol) OhJl/X« (2 0. 8L) * 
lRSIffljWTJnfcfcSU h;VX> (5. 2kg) b, ^©ffi 

^bfccafl^SBD]. ^(Di&mx*immmwistc&* wi/x> (i 

3kg) Tife^Lfco #&nfc»6®# (2. 0 7kg) £MffiT> 6 0tT 
-&$£«febfc&, N, N-^^WM7SH (2 5. 4kg) fc»»U 
1 0 O-C-l 0 5Cfc»il/Tll»IW»bfc. 2 5*C^T?lP#F^HtT^ 
U-tf«#Lfc[ffl£IS#E].*3&bT* N, N-i?^WM75 H (9. 
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8kg) (8. 2kg) T$c#bfc^ 6 0t1?-^ibfc. 

#S,n^-fe©# (1. 5 1kg) ^^WVX**^ (16. 7kg) \Z 

«§u 6 o ±U(Dm^mm^^rcm, (5. 6 k 

g), ^vvr@#j£K>F— ;w*;wt*/— (4) (8. og) 

fcbTim*., 6 0"C~6 5 t CTlB#Wffi^bT!^»^^^-&^o 

( 18 . okg) &2B#MjfcttTi)n*.fc&, *©MJJIT 1 NfMJt^b 
T> 2 5t$T^U -^M^bfeo Ilbt, **y-;V (12kg) T 

S# (4) (1. 2 9kg, IR^8 6%) T?#&nfc. C 





«I©$*JI 


iMfe-f^-^* (ppm) 


2 1 


A 


5 0 


2 1 


B 


10 0 


2 2 


C 


8 0 


2 3 


D, E 





sjs««A^*ajsn«a*^*> o. o sntKM^hj^a?^ (tf 
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X-T>H— (3) lgl:^« 7mL§Sffl) + J&JglgOH&Al/ 
fc. #e>nfe^^7jC^b^hU^A^^^V^T, -f:*>taife*s (ON") (A 
DVANTEC (7M>f>^) SD £T$J^Lfco 

5 mmm 2 4 



(3) (4) 




fctfX-f^b*— (3) (5 0 0mg, 0. 9 0 3ramol), 5%/^>^ 
(3 8 4mg, 0. 1 8 lmmo 1) Rtf b;VX> (2 2mL) 
10 Sim*., 10 5t©WiDllL *©«Jn?4BW«#«, JfrSflU fttig 
^^WK^Jl/^v-F (40mL) ^Sn^> W^WJbfco #£> 

nrzmm&femmfc? n7h^77^-(aoMu (4) (33 

15 *hsi^J2 i(Dmmt^(D^tit—m.vrco 



mm 2 5 
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OBn OBn 



2, 3, 4, 6-O-f h7^>^-D-^;V3K7/-X (5) (1 0 0. 
OOg, 18 5mmol) &2 3X:~CN, N-^^f MMT^xk F 3 6 
OraLtiM, Q'CKl^bfc. #e>nfc^^{b^n;W (1 6. 2m 
L, 2 2 2mmol) $ 1 5^^t)feD^^^minb, M^«2 O'C^Ji^ 

Otti^m 1 0fiS%7j<m^U^A (fcUl5 0mL) O'COT^ 

%ebfco #Snfc7jtJl£ tert - ^f9-)V^)V^—T-)V (3 0 OmLX 10) 
Tttffibfeo ^M^^J&Jlt tert -:/=P;i/^;l/X-5^Wf £-&:b1±> 
^fa^&TK ( 1 5 0 mL X 1 tU) Ttft^U £ £> KtR (2 0 0mLXl@) 1? 
tfe#bfc 0 #&nfc^£MJ£TT3 5 OmLMilfc. 
-2, 3, 4, 6-rh7^>^-l-f^y-D-^Vnt!7;-X(6) 

mmm2 6 
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OBn 

mmm2 mnztitt-oy*— ;v#;wt\/— ;mb§*# (4) (72. oog, 

13 1mmol) t e r t -^JWf ;1/X-tJV6 0 OmLCIM, 2 
3<CT1 0#M«#Ufc. #e>nfc^^C, H»J2 3T#&tlfel-^PP 
-2, 3, 4, 6 -^h^^>^- l-x^v'-D-^l/Ptf^y-X (6) 
^tf« (3 5 OmL) £tiax.> 1 O^lffi^L-fco #e>nfe^^C4 5fi 
«%7KM'fb*U^A7K^ (3 0 OmL) £2J0;L, 1 O^jf^Lfco #£>fl 
4 0li%7U^'77h (Al iauat, SftlSflO 3 3 6 (IS 
iR£) t e r t -^fJWf JH-f« (7'J^77 h 3 3 6 (7 2 g) 
§tert -^;V^^;VX-x;V (110g) Kl^L-fciM) £2 2#M 
jiHtt, ^^icSira^, 2 3tT6^»tfc. #6nfc»«Kl*3 5 Om 

ert-^JWfJU-fJl/ (3 0 OmLX 1 IhI) *CiJfe?£Lfc. #£>*lfct 
e r t - ^iWf JVx-f JHiS8t*It^t»t, 1 0SS%^x> 
( 3 0 0 mL X 1 ®) TfiJfc#U ^ WTtR ( 3 0 0 mL x 1 IhI) "rtfe 

^ufco #e»nfcfii^2 2 t cT-^^-r^taw©-r>F-;i/^;wty 
(7) ©*sa***ftti*r-5. #sn&»»«*» ^ett^o^i 

(2 2 5mD sn^Mk:t>fco, »>«r^iinTs. n^ntcmmm 



WO 2004/018495 



52 



PCT/JP2003/010672 



t -r^l/^WVX— <r)V (1 : 1) (4 0 OmLX 2EI) T?tfe#^> iJ£T2 

~;v*uw^A-;i/f§«M$ (7) ©ttit9 9raofc. 

^MW^ffl UTcT U * U y h (A 1 iquat, mmmU) 3 
3 6fcL TJVFU ^r5*JHt (Aldr ich Chemical C 
o., Inc.) M^ii^hU^yU^^^T^n^A-e^^o 



mm 2 7 




3 0 0mLW4g:7^X3fdt#$t ^fh£-fey hU X^/-;i/3 6 m 
L^AW, i#U^ei2, 13-^tHo-2, 10-^>^J1/^ 
i/-13- (I3-D-2, 3, 4, 6-T-h^-0-^>^;i/^ntf^y-> 
-5H— f>Fn [2, 3- a] tfDD [3, 4-c] %)WV/—)V-6 
-^^;V-5, 7 (6H) -¥#> (8) (6 7 0 mg, 0. 6 2mmo 1 
) SAnMT* 1 ^Wjt#-T?>o IwI^TSN-TK^b^U^ATK^ (8m 
L) ^2 0WTiTU!t. pM^?r6 0t:tU4B#P B 1jf#b^^T— ^ 

mftvtco nt>nr£ffi&mmzh)i<x.> (2omD n^. raman?i. on 

-mm. (6 2mL) §3 0#5&H*T?ftTU pH2. 6tbfc. CKDStfijSSK 
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Hrh7/WHn77> (lOmL) &in*6l$|HHft#bfc. 7j<Ji (TS) £ 
#»U WMSHNRtK (1 0mLX2|U) , ffifD^ifoK (1 OmL) 
*fc#U MTfcftrtM^HJ^A (5g) HKBI/&. »ffii?»itt&e* 

L-fc^ tfilft«©S^«Tfe5 12, 13-^hHD-2, 10- 
^^V^V^-^v'- 1 3 - (/3-D-2, 3, 4, 6 -5 s - h 9 - O -1>5?)V 
^V3tf7/^) -5H — f>b*n [2, 3-a] #;WV/-;V-5, 6- 
$?#;V#>Bfci&>!M& (0. 6 3 g ; W*8 5%) 

1 H — NMR (2 7 OMHz, CDC 1 3 ) , d(ppm) : 10. 7 9 (1H, 
s) , 9. 04 (1H, d, J = 9. 2Hz) , 8. 95 (1H, d, J = 9. 
6Hz) , 7. 2 6 (3 2H, m) , 6. 17 (2H, d, J = 7. 3Hz) , 
5. 85 (1H, d, J = 8. 2Hz), 4. 89 (10 H, m), 4. 32 
(1H, t, J = 8. 9Hz), 3. 96 (6H, m) , 3. 13 ( 1 H, d, 
J = 1 0. 2Hz) 



mmm 2 8 




-13- (/3-D-2, 3, 4, 6 - f h 7 - O - 7 / *>;W 

-5H — r>KD [2, 3-a] *;W^/— ;i/-5, 6 
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(9) (1. 5 0g, 1. 41mmol), N- (l-^>^V^y/f 
2-^y^)V^zy^M kH5i?> A^yaMd 0) (6 0 9mg, 
1. 8 4mmol) R^N, N-S?^^JVT*fe hT5 F (14mL) ©ig-&«l 

^um.h^mmmmzQ zxz^-vmvtco z. b u x^;vt 5x0. 

2 6mL, 1. 84mmol) SWT** t©lST3«#L, 
SJJbT^;l/=t e r t -^;i/=X— T-JV (1 OmL) ^tK (7mL) £iQ 

SSMJMScLTga^b^ (11) £#fco 

'H-NMR (2 7 0MHz, CDC1 3 , fippm): 10. 63 (1H, 
br. s), 9. 24 (1H, br. d, J = 9. 6Hz), 9. 16 
(1H, br. d, J = 9. 6Hz), 7. 5 0-6. 84 (4 2H, m), 
6. 20 (2H, br. d, 3 = 7. 6Hz), 5. 84 (1H, d, 
J = 8. 6Hz), 5. 33 (1H, br. d, J = 3. OHz), 5. 
21 (1H, d, J = 12. 2Hz), 5. 19 (1H, d, J = l 
1. 9Hz), 5. 16 (1H, d, J = 12. 2Hz), 5. 08 (1 
H, d, J = ll. 9Hz), 5. 08 (1H, d, J = 10. 9H 
z), 4.96 (1H, d, J = 10.9Hz), 4.8 9 (1H, d, 
J = 10. 9Hz), 4. 85 (1H, d, J = 10. 9Hz), 4. 7 
2 (1H, d, J = 12. 9Hz), 4. 68 (1H, d, J = 12. 
9Hz), 4. 6 2-4. 48 (4H, m), 4. 33 ( 1 H, dd, 
J = 9. 6, 9. 6Hz), 4. 0 6-3. 7 7 (7H, m), 3. 72 
(4H, d, J = 5. 6Hz), 3. 04 (1H, d, J = 9. 9Hz) 
13 C-NMR (68MHz, CDC1 3 , fippm): 1 6 8.8, 1 6 8. 
7, 1 5 9. 4, 1 5 9. 3, 1 4 3. 2, 1 4 2. 9, 1 3 8. 
0, 1 3 7. 9, 1 3 7. 6, 1 3 6. 9, 1 3 6. 8, 1 3 6.. 
6. 1 3 6. 0, 1 3 0. 2, 1 2 8. 7, 1 2 8. 6, 1 2 8. 
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5, 


12 8. 


4, 


12 8. 


3, 


12 8. 


2, 


12 8. 


2, 


12 8 


• 


1, 


12 8. 


0, 


12 7. 


9, 


12 7. 


8, 


12 7. 


7, 


12 7 


• 


6, 


12 7. 


5, 


12 7. 


4, 


12 7. 


3, 


12 6. 


9, 


12 6 


• 


6, 


119. 


4, 


119. 


1, 


118. 


0, 


116. 


9, 


116 




7, 


116. 


1, 


110. 


4, 


9 6.7, 




9 6.3, 


8 5. 


8, 


8 


4. 


7, 8 0 


. 9, 


7 7. 


4, 


7 7.2, 




7 6. 0, 


7 5. 


9, 


7 


5. 


4, 7 4 


. 9, 


7 3. 


9, 


7 3. 3, 




7 3.2, 


7 0. 


7, 


7 


0. 


4, 6 9 


. 9, 


6 9. 


8, 


6 6. 7, 




5 8.7, 


49, 


4, 


3 



0.9, 2 7.0 

mrnm 2 9 




^l»!)2 7t#6nfcl 2, 1 3-ykFn-2, 10-^»;Wy 
-13- (3-D-2, 3, 4, 6-fh7-0-^^V3lf7y^W 
-5H-- T>Fn [ 2 , 3 -a] ^WW-^- 5 , 6-i?%)V#>M$k7k%!} 

(9) (1. 3 0g, 1. 2 3mmol)> N- ( 1 -^>^)V^^^)V- 
2-^y^)V^i^X.^)V) kF7i?> ^/v'a^il (5 9 9mg, 1. 
5 9mmol) 7kZ$N, N-^Wth75H (12. 3mL) 
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4. 1 /iL, 0. 25mmol) S»T«. COfflJn? 1 
}^ibT^f^= t e r t -7>;i/=X-x;l/ (2 5mL) (6. lm 

D *jn*.fc. mmmzftrnvx* (5. 2mD t 4 urates wr^* 
«f-rs^> sttft^ (11) (1. sog, mm9 2%) ^mmtvxm^o 
i7h;v©f-^^ WJ2 8©@wft^ii©^n^ftfcut^f), 1 2, 

13-5?tFP-2, 10-^>^t^>-6-N- (1-^>^;P^ 

2 - ^>^t*'>X^75 ;) -13 - (3-D- 2, 3, 4, 
6 _ f h ^_ 0 -^>^JVnt!7/^) -5H-- T>b'n[2, 3-a] 
Han [3, 4-c]*;Wty— ;V5, 7 (6H) -5**->£l^5tbfc. 
«W«3 0 




HWJ2 7T#e»nrcl 2, 13-^HD-2, 10-^>^M^> 
-13- (3-D-2, 3, 4, 6-^b^-0-^>> ? ;V^;l/ntf^/>'^) 
_ 5H _^ > ^ D [ 2 , 3-a] #;W\V-;i/- 5, 6-5>;fr;i/#>BMfeK*l 

(9) (1. 3 0g, 1. 2 3mmol), N- (l-^>^+'>/^- 
2_^>^jl / t^'>l5 1 ;W hH7^> ty^a^fl (5 9 9mg, 1. 
5 9mmol), MT^^A (1. 4 8g, 12. 3mmol)0N, 
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N-^^^;VT"feb7S F (12. 3mL) <Dm&W*M%^> 

4 S'CSTjJPft&bfco ZLOmmzhVX-T-KT^y (4 4 6/xL, 3. 2 0m 

mol) S*T«, E©»KT1 0ttM»#U Sit^tT^f^ t e 

rt _ W=x -TJH2 5mL) t7X(6. lmL) 2Nlt(l. 

3 4mL) fcT7KS^pH3. SfcWttbfc. *«JM*HftUT* (5. 2m 

«^D7b^77^-l:T»«ft5t, B«Mfe^* (ID <!• 5 0g> 
$92%) SjltttTifc, 

^ WKDx— HJS01J2 8 0B^b^t)©^tli:— 1 2, 

13-^tHD-2, 10-^>^M^>-6-N- (1-^>^;V^ 
, > ^^ ;l/ _ 2 -^>i?;V^^X^;l/T^y) -13-(fi-D-2, 3, 4, 
6 _ f ^.O-^^j^alf^;^) -5H- <>FP[2, 3-a] 

tfnn[3, 4-c]*;wv/— ;V5. 7 (6H) 



H»J3 1 




10%/17^A-^ (5 011%, 1 1 2 g) &7k*SsinRJ&i?*fcA 
n. OV>*C, 12-/3-D- (2, 3, 4, 6-fh7-0-^>^W 
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^y-J)V^-y^)V> x^;v) T^y) -sh- 
-t>fd C2, 3-a] tfap is, 4-c) #;w\V-;v-5, 7 (6//) 

-e;t> (13) Ofh7tFD77>jlI (17 5g/liE 6. 4L, 
1. 12kg)^V^D/V-JK7. 9D03N-HC 1 (2 24mL) 

£xn, 4 o c CT7Kmffi4 o p s i*r»bv>»#T, 7jci©«$^, &tt±. 

CD1 1 0 % tfcZlZT 4R#ffi~ 1 4^rBl7K^iDS^^^ , 5<. #£>nfcSJ& 
2g$t£2 5tl:^b, s o 1 k a floe (VJW7D^^, ^iS^O 

JV-fb7tHD77> (3 : 2) (3LX10) T^T^o 

mfe^-erfc^ im hux^;vr^> — fvyn/v-JM 0&600 

mL) TpH2. 5£Vtz'&, 7X (4. 0L) £jjn*.£o m^tlTcm^±n. 

i) (6. 5D **ftibfca*&, »»&»i*u Hfc-rv^p/w-;v (^J9 

L) £#!^U 5.^M*^^I7. 5LC^^S, 7Kft^«£2 0%w/v% 
7-D/V-JV5 0mLHMlT, Ssjn^ 7 0*CT? 1 WfM#»U -fV^D 

av-;w (5. ol) £1. 5^Kic^^o^nurco #e»nfc^^7o < c 
T9~2 4^r0i^"r^.<h^^^m-r?) O se>t- #e»nfe^^<v^ 
n/w-;w (i7D ^^b^e>7c^ffiT*taiiL^ m^^^tK^* 
§3w/v%w. #e»n^^^7 o-cTs-eBtr^^, 22^ 

tm/-;i/ (2. 5L) T&#U owt?^/-;v (1. 5L) *vffifrT2>o 
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^#3I»&I8W0 9 5/3 0 6 8 2 <DmmmQBWL<Dit^mt—Wchtc^t^Z 

cko, ^mmmvumk&m (14) £12, 13-^1^^0-2, 10-^ 

t HPt^v'- 6 - N - ( l - 1 h* n^r vt^V- 2 - 1 Hn^'>xW^ 
/) -13- (e-D-^n^^/v-JW -5H--OHP [2, 3-a] 
5 tan [3, 4-c] #;WW-;V-5, 7 (6H) Lmfehtc* 

m&wtfoz whiffy j —(omit&flr 

#Ht#^A:YMC ODS-AQ (2 5 0X4. 6mm) 

: 1 . 5mL/^ 
&ffi$t:6 : 2 2 8 nm 
10 #Sj*@:A=0. 1%H 3 P0 4 -tR 
B : 

ft A* : 1 0 u L 
8U£ifL&: 2 5*0 

15 SW4 3 2 



xaii, 3-^>^;v^5/-6- (2 -if nu>?-;nf-;i/) ~ha^>if 

> (1. 00g, 3. 0 8mmol), 5 K n$?# A ( 6 3 . 5 
20 rag, 0. 0 3 0 9mmol), ^«fli^«ltUTffK«fe (I I) (5. 6mg 
, 0. 0 3 0 9mmo 1) Wrb7bFD77> (2 0mL) $iP^ tMI 

urco mmtmm&tt^ a&tiitn&»m (7 9. s 3g> 
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2 c) 7&t6 6 1mg (f$9 6%), R^9J4)$%0 6 - 1 F n^>"f > H-JP 
(3c) &2mg OWO. 6%) T#e>tlfco 

5 6 -"^SWa^W > : 

X H — NMR (5 0 0MHz, DMS O- d 6 , 5 p pm) : 10.90 (b 

r. s, 1H), 7. 49 (d, J= 7. 5 Hz, 1H), 7. 

44 (d, J= 8.6 Hz, 1H), 7.40 (dd, J= 7. 

5, 7. 5 Hz, 1H), 7. 33 (dd, J= 7. 5, 7. 
10 5 Hz, 1H), 7. 21 (br. dd, J= 2. 4, 2. 4 H 

z, 1H), 7. 01 (br. m, 1H), 6. 77 (dd, J 

= 1. 8, 8. 6 Hz, 1H), 6. 36 (br. m, 1H), 

5. 12 (s, 2H). 

13 C-NMR (126MHz, DMSO-d 6 , <5ppm): 154. 7, 
15 1 3 8. 0, 1 3 6. 8, 1 2 8. 7, 1 2 8. 0, 1 2 7. 9, 1 

2 4. 4, 1 2 2. 5, 1 2 0. 9, 1 1 0. 1, 1 0 1. 3, 9 
6.3, 6 9.9 

20 1 H — NMR (5 0 0MHz, DMS O- d 6 , 6 p pm) : 10.68 (b 
r. s, 1H), 8. 88 (br. s, 1H), 7. 33 (d, J 
= 8. 4 Hz, 1H), 7. 12 (m, 1H), 6. 7 9 (m, 
1H), 6. 56 (dd, J= 8. 4, 1. 5 Hz, 1H), 6. 

3 0 (m, 1H). 

25 13 C-NMR (126MHz, DMSO-d 6 , Sppm): 153. 7 
8, 1 3 7. 9 0, 1 2 4. 0 0, 1 2 1. 9 0, 1 2 1. 1 7, 1 
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10.3 7, 101.7 5, 97.36. 
m&mS 3~HdM8 3 5 

)V7±h>MxJVVb (III) ©#&TT, 2- (2-tfDU^;Vb'^) 

^yx^O H2 - 5%Rh/c 0^ 

^^no 2 Mflsfctt (2d ) H 

10 ^3^ 





5SSRH/C 
(&ffl*) 








33 


lmolX 


Fe (OAc) 2 
(lino IK) 


31 mm 


88 


34 


3mol% 


Ni(N0 3 )2-6H 2 0 
(2 Ohio 130 


32 mm 


82 


35 


lmolX 


Co (acac) 3 
(5mol«) 


38 mm 


85 



15 

£**ft#U 3 6 ~HJS^I 3 8 
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R^M^^tbT^m^ (id, iM-y^i*- (id x«r-fe^;v 

7irb>^n/\*;i/b (I I I) £IBV>T> 3 -^>i?;v^>'- 2 - (2-tf 

OBn 

r> H 2 -5%Rh/C 

NU 2 ■"■ 

(A) 

10 



m 


5»RH/C 


mm) 


mm 


(A) 
iR* (%) 


te&k (B) 
m (%) 


36 


lmolX 


Fe(OAc), 
(IboIX) 


3 1®^ 


8 3 


5 


37 


3mol% 


Ni(N0 3 ) 2 -6HjO 
(20molX) 




8 8 


6 


3 8 


liolJS 


Co (acac), 
(5mol%) 


3 srn 


80 


3 


mm 


3nol% 




16 7 PtK 


43 


38 



4 -'O-^V^W > H-;W : 

'H-NMR (5 0 0MHz, CDC1 3 , <5 p pm) : 8. 12 (b 

r. s, 1H), 7. 49 (br. d, J= 7. 5 Hz, 1H), 

7 "4 (br. t, J= 7. 5 Hz, 1H), 7. 3 7 (m, 
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1H)> 7. 14 (dd, J= 8. 0, 7. 8 Hz, 1H), 7. 
10 (m, 1H), 7. 04 (d, J= 8. 0 Hz, 1H), 
6.77 (m, 1H), 6.64 (d, J= 7.7 Hz, 1H), 
5. 2 8 (s, 2H). 
5 13 C-NMR (126MHz, CDC1 3 , 6 p pm) : 1 5 2.8 8, 
1 3 7. 9 4, 1 3 7. 6 6, 1 2 8. 8 1, 1 2 8. 0 5, 1 2 7. 6 6, 
1 2 3. 0 0, 1 1 9. 2 3, 1 0 5. 0 2, 1 0 1. 4 6, 1 0 0. 4 0, 
7 0. 2 7. 

10 4-tFD^X : 

iH-NMR (5 0 0MHz, CDC1 3 , <5 p pm) : 8. 19 (b 
r. s, 1H), 7.13 (m, 1H), 7.06 (dd, J= 8. 
0, 7. 6 Hz, 1H), 7. 01 (d, J= 8. 0 Hz, 1 
H), 6. 62 (m, 1H), 6. 54 (d, J= 7. 6 Hz, 
15 1H), 5. 2 2 (br. s, 1H). 

13 C-NMR (126MHz, CDC1 3 , 6 p pm) : 1 49. 0 8, 
1 3 7.8 6, 1 2 3.1 8, 1 2 3.0 3, 1 1 7.6 4, 1 0 4. 
3 7, 10 4.29, 98.91. 

20 mmms9-m-mm4:i 

^ ms&mit&wt^TBWi®; (ii)^ mm.-yt-* (ii) x\rr^)v 

7th>t^A^b (III) *m^X, 4-^>> ? ;i/^'>-2- (2-lf 
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BhO^^nO H 2 -5Q/oRh/C BnOy^ HO YY\ 



I5g 



(C) 



(D) 





5%RH/C 
ttffltfeolX) 


Ml) 


mm 


ft^ft (C) 
JR* (%) 


fc£4& (D) 
*♦ (%) 


39 


lmo 1 % 


Fe (OAc) 2 
(lmo IX) 


mm 


99 


1 


40 


3mo 1 % 


Ni (NO,) 2 - 6H 2 0 
(2 0mo 1%) 


2 mm 


93 


0. 4 


41 


lmo \% 


Co (acac) 3 
(5mo 1%) 


i sm 


96 


3 


mm 


3mo 1 % 




1 5 mm 


86 


14 



10 



15 



5 -i>&)Vtt w > f— ;v : 

1 H — NMR (5 0 0MHz, CDC1 3 , fippm): 7. 92 (b 
r. s, 1H), 7. 44 (br. d, J= 7. 5 Hz, 1H), 
7. 3 6-7. 2 6 (m, 2H), 7. 17-7. 15 (m, 2H), 

7. 03 (m, 1H), 6. 92 (dd, J= 8. 8, 2. 4 H 
z, 1H), 6. 42 (m, 1H), 5. 06 (s, 2H). 
13 C-NMR (126MHz, CDC1 3 . <5 p pm) : 1 5 3.6 4, 
1 3 7. 9 9, 1 3 1. 4 5, 1 2 8. 8 2, 1 2 8. 5 3, 1 2 8. 0 

8, 1 2 7. 8 9, 1 2 5. 3 0, 1 1 3. 2 9, 1 1 2. 0 6, 1 
0 " 3 2, 102.5 9, 71.26. 
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1H), 7. 21 (d, J= 8. 6 Hz, 1H), 6. 89 (b 
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1 2.2 0, 1 0 4.7 6, 1 0 1.1 2. 
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from an indole compound represented by the general formula [XII] or a 
salt thereof; claims 16 and 17 (hereinafter referred to as "invention 
[4]") relate to a process- for producing a compound represented by the 
general formula [VII] or a salt thereof from a bisindole compound 
represented by the general formula [VIII] or a salt thereof; and claims 
18-24 (hereinafter referred to as "invention [5]") relate to a catalyst 
for hydrogenation. 



The processes of the inventions [2] to [4] differ considerably in 
the substance to be produced and the means for treatment employed. There 
is hence no "special technical feature" among the inventions [2] to [4] . 
With respect to a comparison between the invention [1] and the inventions 
[2] to [4], the inventions [2] to [4] each relates to part of the production 
steps of the invention [1], whereas the invention [1] is characterized 
by a series of steps beginning with a compound represented by the general 
formula [XI 1 1 ] bra salt thereo f and ending with the indolopyrrolocarbazole 
derivative represented by the formula [I] or a salt thereof. 
Consequently, there is no "special technical feature" also between the 
invention [1] and the inventions [2] to [4] . Furthermore, the catalyst 
of the invention [5] is merely "for hydrogenation" and there is no 
particular limitation on any reaction in which the catalyst is intended 
to be used. There is hence no "special technical feature" also between 
the invention [5] and the inventions [1] to [4] . 



Therefore, the claims involve five inventions, i.e., the inventions 
[1] to [5] . 
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